AI3STRACT.--Total body electrical conductivity (TOBEC) and near infrared interactance (IRI) are noninvasive techniques with potential utility for monitoring body composition of freeranging birds or captive experimental subjects. I used live Northern Bobwhites (Colinus virginianus) to validate these methods for estimation of total body lipid. Total body electrical conductivity and IRI measurements were compared with body composition as determined by solvent extraction of carcasses.
BIROS are highly active, obligate homeotherms that maintain high body temperatures (38-42øC) and have few options for reducing energy expenditure rates. Survival during periods of negative energy balance, such as winter or migration (Blem 1980), is related to the quantity of fat stored during periods of energy surplus. In some species, reproductive success is dependent on the parents' ability to recover from the rigors of winter and migration and to deposit sufficient energy reserves to meet demands for courtship, egg production, incubation, and brood-rearing (King 1973) . Energy is an important currency of fitness for birds, and lipid depots are the primary form of energy reserves (Drent and Daan 1980, Blem 1990 ).
Measurements of body composition have been used to evaluate the energetic cost of growth, 509 reproduction, molt, migration, and other components of avian life histories (reviewed in Ricklefs 1974 , Walsberg 1983 , Blem 1990 ). Seasonal patterns of lipid deposition and catabolism identify those periods when energy is limiting and how foraging behavior is adjusted to meet these constraints (Blem 1976 , Drobney 1980 . Such studies have provided considerable insight into the factors responsible for the evolution of avian life-history traits.
Considerable information on the nutritional requirements of birds and the impact of environmental contaminants has been gained through controlled experiments with captive stock. In these studies, a sample of subjects is maintained on a particular dietary regime for a prescribed period, after which the subjects are sacrificed and body composition is analyzed [Auk, Vol. 108 (Scott 1973) . Periodic weighings have been used to nondestructively track body composition over the course of an experiment, but total body fat may be poorly correlated with total body mass (Blem 1990: 71) .
Proximate analysis to determine total body lipid (percent of total body mass) is a fundamental method for evaluating physical condition and nutritional status of animals (Dobush et al. 1985) . This method is time-consuming and expensive, and it requires killing the subject for analysis. Despite the importance of body-composition data as an index to physiological con- Near infrared interactance (IRI) analysis uses low-energy electromagnetic radiation in the wavelength range of 600-2,500 nm (Rosenthal 1986 ). The method is based on the principle that differences in the physical character of hydrogen bonds between water, protein, carbohydrates, and lipids result in differences in near infrared absorption that are correlated with body composition (Futrex, Inc., 1988 were chosen for study because they are small enough to fit into a commercially available TOBEC apparatus and large enough to permit IRI measurement at several different body sites. I purchased 72 bobwhites from a local breeder in early October 1989. Individuals were assigned randomly to six groups of 12, and each group was housed in separate, raised outdoor pens (4.9 x 1.2 x 1.2 m high). Two-thirds of each pen was covered, and windbreaks were on 3 sides. Each pen had a water container and feed tray at each end and evergreen boughs for cover. Fresh water and food were provided ad libitum on a daily basis. Two pens of subjects (24 individuals) were placed on each of 3 different dietary regimes. One group received a high protein (minimum 24.0%) game-bird starter feed (Siemet Gamebird Starter-Grower). The second group received a lower protein (13.0%) game-bird maintenance feed (Siemer Gamebird Maintenance). The third group received a high-energy diet of a 2:1 mixture (v:v) of medium cracked corn (ca. 8% protein) and game-bird maintenance feed. The three dietary regimes were designed to produce subjects with a range of body lipid levels, but metabolizable energy content of each diet was not measured. Subjects were maintained on their respective diets for a minimum of 12 weeks (early October to early January) before the initiation of TOBEC and IRI measurements.
Most subjects were measured in midwinter, when bobwhites normally have maximal body fat reserves (Robel 1972 ). In addition, 11 wild bobwhites were live-trapped at Crab Orchard National Wildlife Refuge in midNovember and kept in a separate pen under the same conditions described above. Wild bobwhites were fed the high-energy diet described above for at least 12 weeks before measurement of body composition.
Total body electrical conductivity.--Preliminary trials indicated that ambient temperature, wind, and lighting conditions had a significant effect on both TOBEC and IRI measurements. Consequently, subjects were moved indoors for measurements. Each subject was restrained in a nylon stocking and weighed on a Fisher top-loading balance (+0.01 g). We used a protocol similar to that described by Walsberg (1988) Live mass of male game farm-reared bobwhites was not significantly greater than females (t = 1.435, P > 0.05). However, game farm-reared males had significantly higher percent body lipid than females (t = 3.323, P < 0.05, Table 1 ). The same trend was apparent in wild-caught bobwhites (Table 1) (Fig. 6) . Specifically, for subjects analyzed before 23 January we cut a hole in the nylon stocking restraint so that the subject's head protruded from the stocking. After 23 January the subject's entire body, including its head, was enclosed in the stocking. When the data collected before 23 January were removed from the data set, there was no longer a significant correlation between the residuals and analysis date (R = 0.127, P = 0.576, n = 43). Consequently, data from bobwhites analyzed before 23 January were removed from the data set.
In tween IRI measurements and percent body lipid is unexplained. Except for subfemoral optical density measurements, the coefficients of variation of OD measurements for each subject were not higher than those for total body electrical conductivity measurements. Consequently, variation between replicate measures of OD due to variation in light-wand position, subject position, or pressure exerted on the light wand were apparently not responsible for the low correlation between OD and percent body lipid. Optical density measurements from different sites on the same subject were not significantly correlated. Consequently, either OD measurements failed to reflect differences in composition under the light wand, or these differences were weakly correlated with differences in total body composition. Differences between individuals, sexes, or both, in the distribution of fat depots may be related to preferential mobilization of lipid from certain depots. The results of the present TOBEC validation were compared with those of the only two pre-viously published validations using live birds (Walsberg 1988 , Castro et al. 1990 ). These studies used 11 and 8 speciesß respectively, to generate prediction equations for lean mass as a function of EM-SCAN number. Walsberg (1988) obtained 
